The term "tropine esterase" was first employed in a previous communication (1) for convenience in designating the enzyme effecting the hydrolysis of atropine and related structures. The contracted form, tropinesterase, will be used henceforth since it has become customary to employ the analogous contraction, cholinesterase. In the present investigation, which includes ~ study of a variety of tropine esters, the possibility has arisen that the tropinesterase acting on one of the compounds may not be the same as that effective on another. In a case of this nature, when there is reason to emphasize the particular substrate being affected, more explanatory terms such as atropinesterase or cocainesterase will be employed in a manner similar to the use of the long established terms, methylbutyrase or tributyrinase. It now appears that the term, atropinesterase, rather than the more general, tropinesterase, would have been more appropriate in the previous paper (1) which was concerned exclusively with atropine hydrolysis.
The term "tropine esterase" was first employed in a previous communication (1) for convenience in designating the enzyme effecting the hydrolysis of atropine and related structures. The contracted form, tropinesterase, will be used henceforth since it has become customary to employ the analogous contraction, cholinesterase. In the present investigation, which includes ~ study of a variety of tropine esters, the possibility has arisen that the tropinesterase acting on one of the compounds may not be the same as that effective on another. In a case of this nature, when there is reason to emphasize the particular substrate being affected, more explanatory terms such as atropinesterase or cocainesterase will be employed in a manner similar to the use of the long established terms, methylbutyrase or tributyrinase. It now appears that the term, atropinesterase, rather than the more general, tropinesterase, would have been more appropriate in the previous paper (1) which was concerned exclusively with atropine hydrolysis.
In the previous study the effects of enzyme and substrate concentrations, pH, and temperature were investigated with regard to the enzymatic hydrolysis of atropine by rabbit serum. This work has been extended in the present paper to include the occurrence and distribution of atropinesterase in the rabbit, the scission of atropine and homatropine by the serum and liver of the guinea pig and frog, the effect of fresh egg white and yolk upon atropine, and the specificity of tropinesterases.
EXPERIMENTAL
The measurements of enzyme activity were carried out by the manometric method employing the Warburg apparatus in a manner essentially the same as that already described (1). Corrections for non-enzymatic hydrolysis were made in the usual fashion. As employed in the present study, the tropinesterase unit may be defined as the quantity of enzyme required to liberate 1 c.mm. CO2 in 300 minutes at 30 ° in a total volume of 4 ml. in the bicarbonate-Ringer medium containing a concentration of substrate sufficient to achieve the maximum rate of hydrolysis. For studies of atropine splitting a final concentration of 0.25 per cent atropine sulfate was used, except in the specificity studies. The tropinesterase value, employed to express the enzyme concentration, is defined as the number of units per 100 mg. of material.
Readings of the manometers were take n every 30 minutes and the hydrolytic rate was obtained from the slope of the line representing the CCh-liberation: time relaetionship. In cases where the gas evolution proceeded at an initially accelerated rate before attaining linear proportions, as in the instance of the non-enzymatic hydrolysis of atropine and homatropine ( Fig. 1) , only the linear portion of the curve was employed to determine hydrolytic rate. However, each point in the non-enzymatic curves, whether or not it fell in the linear portion, was subtracted from the corresponding value for total hydrolysis in oMer to obtain the enzymatic gas liberation.
For the specificity studies, 1 per cent substrate concentrations were found to be sutScient to insure maximum hydrolytic velocities in aU cases despite the differences
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in the molecular weights of the esters tested. All substrates were used in the form of their salts, and were products of Merck & Co. with the exception of novatropine which was obtained from Campbell Products, Inc.
The cholinesterase measurements were carried out in a manner similar to that' used for tropinesterase; a final substrate concentration of 0.375 per cent acetyleholine chloride was employed unless otherwise stated, and readings were taken every 10 minutes during a total reaction period of 60 minutes. To obtain values comparable with those for tropinesterases the 60 minute values were extrapolated to 300 minutes Tissue extracts for enzyme study were prepared by grinding the material with cleaned and ignited sand, adding bicarbonate-Ringer solution until a final volume of 10 ml. for each gram of tissue was obtained, and centrifuging the suspension. The supernatant fluid was decanted and used.
For the investigation of tropinesterase distribution in the cells and serum of defibrinated blood, 10 ml. portions of the latter were centrifuged yielding 6 ml. of serum and 4 ml. of cells in each case. In order to obtain comparable data, the 6 ml. of serum were diluted to 10 ml. with distilled water, and the ceils, after being washed twice with physiological saline solution, which was discarded each time after centrifuging, were also made up to 10 ml. with distilled water. The serum and cell solutions were further diluted 10 times with water before use; the whole defibrinated blood was also diluted 10 times with water before use. Water was employed for dilution to hemolyze the cells.
P~SULTS
The examination of the sera of sixty-eight rabbits chosen at random revealed that only nineteen were enzymatically active in the hydrolysis of atroph~e.
The atropinesterase values obtained varied from 51 to 270, average 107. Both active and inactive sera were obtained from animals during all seasons of the year, from the albino variety as well as those of various colors, from animals of both sexes, and all ages and weights. There was no correlation between the atropinesterase and cholinesterase values. All of the rabbits possessed cholinesterase activity, and the values for the sera of fifteen animals, which also conrained atropinesterase, varied from 140 to 300, average 205; those from thirtythree animals devoid of atropinesterase fell between II0 and 290, average 210.
Mixing a serum containing atropinesterase with an equal volume of serum devoid of activity was found to have no influence on the enzyme in the former. Thus, 98 enzyme units were found in 0.I nil. of active serum, and 97 units in 0.2 ml. of the mixture.
The distribution of atropinesterase in defibrinated blood from rabbits possessing activity is given in Table I . Practically all of the activity can be assigned to the serum, the difference in the number of enzyme units in blood and serum being due to loss in separation of the cells.
The atropinesterase values of the organs of rabbits containing the enzyme are given in Table II . It was found that the animals without the enzyme in their seraV, were also without demonstrable activity in the extracts of any of the organs listed in the table.
I n the case of the frog material, three samples of sera, each from the pooled blood of five animals, showed no activity with respect to the splitting of either The serum of the guinea pig was also found to exhibit no activity on either atropine or homatropine. The liver actively splits the latter, but has no action . ,
CH2 C H

CH2
?oco?(
CH,0H
C H r --C H CHs CH~ CHOCOCH~/---~ on the former as illustrated in Fig. 1 . It is noteworthy that the liberation of CO~ in the control vessel containing only liver extract in bicarbonate-Ringer solution was negligible, while that in the substrate control vessels was appreciable, especially during the first 2 hours. Fresh egg white and yolk were tested separately for atropine-hydrolyzing properties in several instances, and in no case could enzyme action be detected over the experimental period of 360 minutes.
The results of specificity studies are apparent from Tables III and IV .
TABLE IV
Comparison of the Hydrolysis of Certain Esters by Rabbit Serum and Cells Expressed in Enzyme Units
Enzyme material from 0. 
DISCUSSION
It has been known for some time that not all rabbits possess a factor in their blood capable of destroying atropine (2, 3). Metzner and Hedinger (4) found that the weight and age of the rabbit were unrelated to the occurrence of the atropine-destroying factor. Sternberg (5) claimed that the degree of activity of the sera varied with the season, a maximum being reached in December. In the present communication no correlation could be found between the incidence of atropinesterase and any of the animal characteristics observed. Bernheim and Bernheim (6) observed that approximately two out of every three rabbits examined possessed atropinesterase activity, while in the group of sixty-eight rabbits reported in this paper the proportion was more nearly one out of four.
The possibility that the animals devoid of activity possess an inhibiting substance that interferes with the enzyme action has been considered, but it appears unlikely from the fact that a mixture of active and inactive sera contains an activity essentially equal to that of the potent material alone.
It is striking that serum is the richest source of atropinesterase in the rabbit body (Table II) . Certain organs such as the lacrymal gland which are unusually rich in cholinesterase (7) contain low concentrations of atropinesterase. The auricle which is about three times as rich as the ventricle in the former enzyme (8) , contains approximately the same concentration of the latter. A further difference in the distribution of the two enzymes may be seen from the fact that atropinesterase could not be demonstrated in the blood cells (Table  I) while these are rich in chollnesterase (Table IV) . The lack of the enzyme in rabbit erythrocytes has been reported by previous investigators employing other methods for the determination of enzyme activity (3, 9, 10).
The absence of atropinesterase in the aqueous humor, and the low activity of iris tissue, would seem to be in accord with the fact that the pupil dilation resulting from dropping atropine into the eye persists for days. In this connection it should be pointed out that since homatropine is effective in the eye for a much shorter period than atropine, one might expect it to be destroyed faster in vivo. However, the aqueous humor of a rabbit having no atropinesterase was also found to have no effect on homatropine, and the iris of rabbit No. 1942 (Table II) , which had an atropinesterase value of 14 was found to have the same activity on homatropine. It should be kept in mind that the greater non-enzymatic hydrolysis of homatropine (Table III) may be a significant factor.
Since the serum of rabbits is richer in atropinesterase than liver, it is surprising that certain species, such as frog (11) (12) (13) , guinea pig, rat, cat, and dog (6), have no activity in their serum butdo in their liver. Though confirmation of these findings has been obtained in the case of frog, and for guinea pig with respect to serum, it was observed that although liver extract could hydrolyze homatropine, it had no action on atropine (Fig. 1 ). Bernheim and Bernheim (6) reported liver hydrolysis of both substrates, but their data were not corrected for non-enzymatic substrate hydrolysis. It has been the experience of the authors that occasionally the corrected liver-atropine curve exhibits a small rise which flattens out after 1 or 2 hours and continues in the horizontal. It is extremely doubtful that these initial rises are significant of atropinesterase action since it has been shown that this enzyme is characterized by a linear rise of the hydrolysis-time curve to about 90 per cent of complete scission (1). The hydrolysis of homatropine, but not atropine, by guinea pig liver raises the question of whether there is a homatropinesterase distinct from atropinesterase.
Prior to the work of Bernheim and Bernheim (6) , investigations of the enzymatic destruction of atropine were based on the measurement of the disappearance of free atropine rather than on determination of an end-product. Thus it has been claimed that fresh egg white destroys atropine (10, 14), but the disappearance of the drug in the presence of the protein cannot be ascribed to hydrolysis as shown in the present study.
From Table III it is apparent that rabbit serum I is capable of hydrolyzing all of the tropine esters studied. With the exception of cocaine and tropacocaine, it may be seen that both horse serum and rabbit serum II have no effect on these esters. It would appear from the data in the table that/-hyoscyamine is hydrolyzed more rapidly than atropine in accordance with previous work (6, 14) . However, homatropine, with the hydroxyl group closer to the ester linkage than in atropine, is split more slowly than the latter, while scopolamine is hydrolyzed at an intermediate rate. The last results are not in accord with those of Bernheim and Bernheim (6) who reported that homatro-pine is hydrolyzed more rapidly than atropine, and scopolamine is usually not attacked. The introduction of another methyl group into the pentavalent nitrogen radical of homatropine results in a marked drop in enzymatic hydrolysis as demonstrated in the case of novatropine.
It has been found by separate control experiments that whether the alkaloid is in the form of the sulfate, bromide, or chloride has no effect on the enzymatic action. The influence of various ions on atropinesterase is being made the subject of another study.
Cocaine is a di-ester in which the tropine portion of the molecule is on the acid side of one ester and on the alcohol side of the other. From a variety of structures previously studied it was found the presence of a nitrogen group in the acid side of an ester prevents enzymatic scission (15, 16) . If the analogy applies to the present case one would expect only the benzoyl ester linkage to be attacked, but one cannot be sure that both groups are not subject to enzyme action, especially when it is seen that rabbit serum II can hydrolyze the compound. Since horse serum has no effect, and rabbit serum II contains no atropinesterase, the possibility arises that the cocainesterase in the latter serum may be an enzyme distinct from cholinesterase or atropinesterase.
The small structural variation between tropacocaine and atropine or homatropine exerts a profound effect upon the enzyme specificity. All three of the sera employed hydrolyze tropacocaine, and by comparison with the rates of hydrolysis of acetylcholine it would appear that cholinesterase might be the active agent in the tropacocaine scission. A test of this possibility was made based on the fact that the red cells of rabbit blood contain cholinesterase even though they are devoid of atropinesterase. Hence both the serum and cells should hydrolyze tropacocaine if cholinesterase is capable of acting upon the substance. From Table IV it is apparent that cholinesterase is without action on tropacocaine. Therefore the possibility is presented that a tropacocainesterase may also exist as an enzyme distinct from cholinesterase, atropinesterase, and cocainesterase.
The great difference between the non-enzymatic hydrolysis of cocaine and tropacocaine must be ascribed to the presence of the additional methyl ester group in the former. This group probably undergoes scission with ease.
SUMMARY
Atropinesterase was found to exist in approximately one out of every four rabbits, and no relation could be observed between the incidence of the enzyme and season, sex, color, age, or weight. The occurrence of the enzyme was also shown to be unrelated to that of cholinesterase.
The distribution of atropinesterase in the blood and organs of rabbits was studied; the animals devoid of the enzyme in their blood contained no demonstrable activity in any of the organ extracts tested.
The presence of atropinesterase in frog liver, and its absence from the serum, has been confirmed. Hydrolysis of homatropine, but not atropine, by guinea pig liver was observed, while the serum was without action on either of the compounds. On this basis the possibility arises that guinea pig liver contains a homatropinesterase enzyme separate from atropinesterase.
It was shown that lack of atropinesterase activity in certain rabbits is not likely to be due to the presence of a naturally occurring inhibitor.
It has been demonstrated that contrary to previous indications neither fresh egg white nor yolk possess atropinesterase activity.
The specificity of tropinesterases was investigated and evidence was presented for the possible existence of two distinct enzymes, cocainesterase and tropacocainesterase.
